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1 
P-ówer..plants- operated, on- compressed gas. are 
lï'eady .lnown  in..which the- combustion chamber" 
orhe: g producer is operad a.[ - te-pçessure o£  
thv fuel gas or the air or both considered 
get-er: These mediums may be comprsed: a 
the place where the combustion takes place, but 
iç is, also possible-fO conduct- the .fuel gas i. 
 l:read , compressed , stae to the place where i is 
fO be' coed. The first  method , for ex.ampl 
is  utiiized :i' steam producing . -plants that  are 
flred' with compressed gas or-in heat origines, 
drive directly by" compressed gas, whereas the 
latter'method is usually-employed in power plants  
oerd on natural  gs. 
Thê presentinvenon, in contras there; deals 
with a" wer plant operaçed: by compressed g 
der- oeudiion where the" pressurë of the fuel 
s" supplied 0 .the plant..is grear than. that" 
whiCh is required or" necessary in the combustion 
chamber of thê power plant. The gas,. for 
amPlE ntural ça-s s. obtained in nature, issues 
fom the- earth ai a much higher. pressure than 
tat ai: whtch, when suitably sred, it is fo  be 
used « in- a heaç engine plant. This is  Zution 
uRlly- enCountered in  the chemica1 indutries, 
ê«. i petroleum recovery work Whel'e efforts ar 
mde "  utilize-naturat  gas for the production of  
wer ThE - nturat gs obtaied:u-  bypd - 
uc-in - peleum- rovery operaîons: is ofen 
vlle undr hi£h pressure (up--to' 60 
pheres If it is dsired .fo" burn this gas con« 
taiing up.  80% o  methane, in the uace- of. 
:.wer plant-i must first  be.redùc .-he  
pressurC'usualÂy -' employed in the ace. If 
the powe -pIant  is. driven for example y a  ga 
urbie the pressure  in the combtionchambr , 
of such gasturbineAs.usully not, greater than 3 
 I2 aospheres. The pressure of the-ul  gas 
must heref0re be: reduced fo his pressure. 
the uell gs is throttled .down,. a tare; portion 
the tential energy contained' therein becomes. 
lost;  
ThE PZesent invention relates . an ppa,a.tus 
for .ling  this problem. In ordance ih  
 invtion, such gs,, pri0 fo eing bulned« in 
 combustion chamBer`' of a pover plant, i, 
fl expnde@ to reducê its. pressure down. to the  
pure:ïoE, sid combtion, chamber, this 
inç, effte in an expsion engine interposed 
head of said combustion chamber, in his  
ner thegra-t, pressure graoEent  inhérent in 
e-nuzal gas may: once and for aHbe br`oughk 
vlydon, the degree tble for pr 
tiïex.ploîtion o its energ iz th por  
peroe .. Heev sieg 

ural gasissue: fr`om:the earth af s.temp,erature,of 
as low as 207' fo 40  C; they. "becomE4ntenselF: 
cooled: when: subjected:.to :such ,exlansion and;thê, 
ice fbrmed as, «,:consequence: thereof 
5 inter.rupt the, oper, ation, of:,the' expansion engine: 
inter.posed ahead:of.the powerplant:. Itisther,, 
for, e: preferabte ' to:heat such gases: prio-t0 effect., 
ing their,,: expnsion. The wastë ehaust gaes 
of the,:power- plng are. pre$èr.ably.: utilized, for:this 
10 purpose., 
Iii-,-the accompanying dl:awings, Fig. I. is-.a, 
somewhat diagrammatiC, illïstration of  coma, 
bustion-gas turbine- power plant incor.pirating: a. 
preferred embodiment, 
1:5 is,a central: section :throug-h the auxiliary :turbiie 
of: the Power plant an-d:its, contkol -. valve; and« 
Figs, 3-and 4. ,are. central..section fllustraing 
modified, consbructions for the auxiliarF,turbine. 
leferring now, to the drawings,.andiiparticu, 
2o', larte Figs. 1 and:2» the imprêved Power.plïnt. i.. 
seen- fo include a gas turbine: element--, a' com- 
pressor--2, a mainelectricat power generator 
anauxilïa-ry dynamoeleÇtric machine 4 .which 
my: serve » as: an,, exciter ,fbr . generator-$ oras o a 
,°,5 starter moter for the gas turbine, and  compresser' 
uniks, and:, an- expansion engine Fin,the f0rm  of" 
a. ,gas turbine, ait-of:these.-componens being' 
ranged  axially in.-line.and,.driven' by,  or driving;. 
as, the. case may be, a .common..shat 6/ Thé: 
3o-combustion chamber' for ttie gas-turbine, 
designated by.numeral. L and the' naturl , gas; 
prior toits combusbionin . combustion...chamber. 
of, the, power' plant;, is exPandd, in -the. gas tur- 
bine §- from.its initial!y-high pressure to thepres 
35 sure-previling in ad-required.by,-combusti0n  
chamber L 
The-, naural:- gas, which-.may issue, from .-th 
lnterior of: .the-earli a a very  high pressure- 
of,-about 60 atmospheres, for exa.mple is supplied - 
40, bF ,pipe . The combustion, chanber'  is'usuatty 
operated a a. pressure oï 3 to-12  atmspheres, 
produced  by the air` compressor 2 of the ga.s 
 turbine power .plant. The expansion of,,the 
natura ga.s to the aforesaid :low pressures _i:. 
45 effected in the ças. turbine i..ilterposed ,ahead  
of the power pln Per se, said gas .turbine bë 
ii]g directly supplied by the nautral gas. Tlle 
expanded, gas is' thon led to: combustion'.chmier, 
: .where, it is, mixed, with comprëssel air .from 
0:,. comprêssor,  and;-therï.-ignited: ThE propellirl-g 
gses thus.produced serve te drive  thd.ga, turï 
bine $. w.hich. together., with: hE .genera0roe.- 
snd 4 and.. the, uecessay air`- compressor, -X Con»- 
stitute the power,, ptnt per, 
 pre-ëer £he :epnsto- "of!. OEe: .:n_turt!: :îs. 4n 
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the turbine 5 from causing the already low 
temperature of the natural gas (20 ° to 40 ° C.) 
to drop below the dewpoint and hence cause 
breakdowns due to the formation of ice in the 
turbine, if is preferable to heat the natural 
in a preheater 9 by means of the exhaust gases 
from the turbine | before initiating its expan- 
sion. The exhaust waste gases ïrom the gas 
turbine |, after passing throughthe preheater 
9, are then allowed fo escape into the atmos- 
phere. Preheating of the natural gas also serres 
to increase the expansion efficiency of the tur- 
bine 5 interposed ahead of the power plant and 
further serres fo assure the proper gas tem- 
perature that is required for effecting combustion 
in the combustion chamber 
the quantity of fuel gas required is preferably 
effected by causing the fuel inlet valves |8 
the expansion turbine 5 to regulate the quantity 
of fuel gas in accordance with the load. While 
various types of governors may be adopted to 
automatically regulate the fuel inlet valves |8 
in accordance with the load so that the rate 
of the fuel flow .will increase with an increase 
in load and vice versa, the preferred arrange- 
ment, and which is illnstrated schematically in 
the drawing, operates on hydraulic principies. 
The governor system includes an oil pump 
driven from a power take-off from shaft 8 and 
which delivers off at substantially constant 
pressure to a distribution line |7, an off escape 
valve || in the distribution line |7, and a ball 
type governor |6 driven at load speed and which 
regulates the rate at which off is permittéd fo 
escape through valve ||. The greater the dis- 
charge rate through valve ||, the lower the 
oil pressure in line 
extends to the valves 8 at the gas inlet side 
of the auxiliary turbine 5. These valves are 
conventional in construction, being spring loaded 
to a closed position and opened by a counter 
force variable with the off pressure in line |7. 
Thus the greater the pressure in line |7, the 
greater will be the valve opening and vice versa. 
Operation of the governor system should now 
be quite obvions. If for example, the plant load 
should increase, the speed of the output shaft 
8 would tend to drop off. This results in a 
movement of the gare | |a in valve | | to the right 
thus reducing the rate at which the off escapes 
through the valve, which is reflected as an in- 
crease in pressure in the oil line |7 at valves 
|6. Thus the valves |} move fo a new and more 
open position with the result that the rate at 
which the fuel flows through the auxiliary tur- 
bine 5 and to the combustion chamber 7 is in- 
creased and hence produces the required 
crease in power necessary to meet the new in- 
creased load condition. In the event that the 
plant load should decrease, which would be re- 
flected by a momentary increase in speed, the 
opposite effect would take place and valves 
would be caused to move toward a more closed 
position and thus reduce the rate of fuel flow 
through the auxiliary turbine 8 and into the 
combustion chamber 7. Regulation of the 
quantity of fuel gas by means of the inlet valves 
of the expansion turbine serves substantially to 
avoid any losses such as would be caused by 
throttling the gas and which losses for example 
would result if the quantity of fuel gas supplied 
were to be regulated 
vices associated with the combustion chamber 
of the power producing engine per se. 
In the interest of preventing any damage to 

4 
the apparatus should the speed reach a danger- 
ously high level an emergency fuel cut-off is 
provided. Concerning the latter, it will be 
served from the drawing that off pump |6 
5 livers pressure off hot only to the main distri- 
bution line |7 of the main governing system 
described above but also to an auxiliary dis- 
tribution line 17a of the emergency cut-off sys- 
rem which latter is comprised of an emergency 
10 trip governor |fb and a cut-off valve |8 the 
operation of which is controlled by the oil pres- 
sure acting against a spring loaded piston 
and which valve is interposed in the fuel con- 
duit 8 ahead of the fuel valves |6 on turbine 
15 5. 
Diaphragms for adjusting the respective off 
pressures in the main and emergency distri- 
bution systems are indicated by reference nu- 
merals |Tb and |7c. A check valve, inter- 
20 connected between the two systems and allow- 
ing a flow of off from the main governing sys- 
rem into the emergency cut-off system in the 
event of high over-speed but never allowing any 
flow in the opposite direction is shown at 
25 The emergency cut-off system operates as fol- 
lows: 
During normal operating conditions, the off 
pressure in the emergency cut-off system re- 
mains Dractically constant and is approximate- 
30 ly as high as the off pressure at the ourlet of 
pump |6 whereas the off pressure in the main 
governing system will fluctuate in accordance 
with the load, as previously explained, and is 
always lower than the pump pressure due to 
5 the variable bleeding action of valve | fa. Hence 
under such conditions, the emergency valve |Sa 
will be maintained in its open position thus 
lowing free flow of the fuel gas to the fuel 
regulating valves |6. Should, however, the speed 
40 of the power plant rise above a selected maxi- 
mum safe value, the emergency trip governor 
|fb will then operate to aHow free escape of oil 
therethrough thereby dropping the pressure in 
the emergency off system |Ta to practically zero 
which then permits the spring loaded piston |Sb 
45 to move valve |Sa to its fully closed position, 
thus shutting off the flow of fuel to turbine 
5 and combustion chamber 7. Furthermore, the 
off pressure in the main governing system being 
now momentarily higher than that in the 
50 
emergency cut-off system, the check valve 
allows a flow of oil from the former into the 
latter causing the governing off pressure to like- 
wise drop to zero and all the regulating valves 
55 |} likewise move to a fully closed position. By 
thus doubly obturating fuel admission to turbine 
5, a high degree of safety is obtained. 
As illustrated it is preferable to couple the 
expansion engine 8 directly with the shaft 6 of 
{}0 the main power plant components and hence 
also to use turbine 5 as a starter for the com- 
bustion gas turbine plant. Due to the short 
starting period involved, it is usually unneces- 
sary to preheat the fuel gas prior to effecting its 
65 expansion since the heat retaining capacity of 
the constructional materials of which the ex- 
pansion turbine is built will, during such start- 
ing period, adequately serve to prevent excessive 
cooling and the formation of ice consequently 
ï0 thereon. 
It is preferable, during the first stage of the 
starting procedure (i. e. while the gas turbine 
plant, driven by the expansion of the high pres-. 
sure fuel gases in turbine 5, runs up fo about 
5 25 percent of its normal speed), to exhanst the 
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expanded fuel gases discharging from the said 
expansion turbine directly into the atmosphere 
through two-way valve 2, so that no accumula- 
tion of explosive gases will be formed in the 
combustion chamber 7. After that, the flow of 
gas may be directed fo combustion chamber 
by turning valve 2 to the position shown in 
the drawing, and after the high pressure gas 
stream has been ignited, the plant will run up 
to full speed on accourir of the joint action of 
the driving energy gained from turbine 5 and 
that gained from turbine . 
In case it should be desired during the start- 
ing procedure to feed the fuel gas in preheated 
condition to the turbine 5 that serres as the 
power plant starter, a small combustion chamber 
3 can be installed ahead of the fuel gas pre- 
heater 9 in the ourlet pipe of main gas turbine 
 and fuel gas fed to this auxiliary combus- 
tion chamber 3 from the natural gas pipe 8 
via an injector 4that supplies air for com- 
bustion, the air being drawn in by suction by 
the gas passing through the injector. The 
burned gas-air mixture is conducted from the 
auxiliary combustion chamber  to the pre- 
heater 9. 
It is hot desirable to heat the natural gas 
ahead of the expansion turbine 5 as by direct 
combustion thereof, since, for that purpose it 
would be necessary to compress the combus- 
tion air to the same pressure as that of the 
natural gas and this would require a separate 
air compressor adapted to compress the air to 
the high pressure possessed by the gas. In ad- 
dition, such an arrangement would require an 
extraneous source of power. ' 
In order to prevent leakage of the expanded 
gases from the shaft seal of the expansion tur- 
bine 5, the latter may be constituted as a single 
bearings structure 5 Æ as shown in Fig. 3 so as 
to preclude all possibility of leakage at the in- 
let end of the turbine rotor. At the ourlet end 
of the rotor, the pressure of the gas, during 
the starting period, is approximately equal fo 
that of the ambient surroundings so that the 
danger of leakage is small if the shaft is well 
sealed. It is also possible to use an expansion 
turbine 5" as shown in Fig. 4 having a diffuser 
2' af the ourlet of the turbine rotor blades 
adapted to keep the pressure at the shaft seal 
even lower than the atmospheric pressure. If 
the pressure drop in the expansion turbine is 
suitably moderate, a single crown impulse rotor 
may be used, as illustrated in Fig. 3. In such 
cases the gas pressure in the rotor casing at 
the inlet end of the turbine rotor would also, 
during the starting period, be approximately 
equal to the atmospheric pressure. As soon as 
the combustion gas turbine  bas been started, 
the blower 2 serves fo supply sealing air for all 
of the shaft seals 2{} through pipe 
I claire: 
1. In a power plant, the combination com- 
prising a main gas turbine, a compressor 
mechanically coupled to said turbine, a com- 
bustion chamber, the ourlet of said compressor 
being connected to said combustion chamber, 
and the latter being connected to the inlet of 
the main turbine, an auxiliary gas turbine 
mechanically coupled to said main turbine and 
compressor, adjustable valve means at the gas 

6 
inlet to said auxiliary turbine for controlling the 
gas flowing through said turbine from a source 
of gaseous fuel having a delivery pressure higher 
than the operating pressure of said combustion 
5 chamber, pipe connections between the ourlet 
from said auxiliary turbine and said combustion 
chamber, valve means in said pipe connections 
for selectively exhausting the fuel gas to at- 
mosphere to facilitate plant starting by said 
10 auxiliary turbine, and means responsive to plant 
load for adjusting said gas inlet valves at said 
auxiliary turbine to regulate the rate at which 
fuel gas is delivered to said auxiliary turbine. 
2. A power plant as deflned in claire 1 where- 
15 in said auxlliary turbine is of the single-bearing 
type to ïacilitate sealing thereof. 
3. A power plant as deflned in claire 1 Where- 
in said auxiliary turbine is of the single-bearing 
type having a single crown impulse rotor. 
20 4. A power plant as deflned in claim 1 where- 
in said auxiliary turbine is of the type having a 
single crown impulse rotor and a diffuser at 
the ourlet side of said rotor to effect a drop in 
gas pressure within the turbine housing below 
25 that of atmosphere thereby preventing gas leak- 
age losses af the shaft packing. 
5. A power plant as deflned in claire 1 and 
which further includes a heat exchanger in 
the ourlet of said main turbine through which 
30 the fuel gas is passed for preheating by the tur- 
bine exhaust gases, an auxiliary combustion 
chamber, means for delivering a portion of the 
fuel gas to said auxiliary combustion chamber 
for combustion thereof, and means connecting 
35 the ourlet of said auxiliary iombustion cham- 
ber with the ourlet of said main turbine so that 
the combustion gases produced in said auxiliary 
combustion chamber pass in heat transfer re- 
lation with said heat exchanger. 
40 HANS PFENNINGER. 
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